The reestablishment of agroforestry systems in Central Asia, combining crop production with protective tree shelterbelts, provides significant potential to improve farming systems. This includes increasing crop yields, additional income from timber, as well as reducing soil degradation and wind erosion. Thus, adopting shelterbelts as a form of pro-environmental behavior provides a number of socio-economic benefits, although some trade-offs need to be considered as well. This paper investigates factors that shape the perception of-and attitude towards-the establishment of tree shelterbelts by farmers in two case study regions in Kyrgyzstan. Applying a conceptual framework distinguishing between extrinsic and intrinsic factors, research methods included semi-structured interviews with farmers and local policy makers. The results show spatial differences in the perception of shelterbelts, both on the regional and on the village scale. In general, shelterbelts were negatively perceived by more than half of the farmers. The main concern raised by farmers was the shading of crops by shelterbelts, resulting in a decrease of yield. In addition, small field sizes and potential conflicts with neighbors were key concerns. Furthermore, rules set by local self-government bodies were inconsistent with the legislative framework, posing significant restrictions to the adoption of sustainable land use practices.
Introduction
Agricultural systems worldwide are subject to increasingly severe environmental problems such as soil degradation, biodiversity loss, and climate change [1] [2] [3] . To cope with these challenges, many scholars call for a paradigm shift towards more sustainable land use approaches such as conservation agriculture [4] , agroecology [5] , or agroforestry [6, 7] . While this shift requires major changes in agricultural policies and action addressing multiple levels of scale, there is also a need to better understand the situation on the ground, as any change towards more sustainable agricultural systems depends on the willingness-and capabilities-of farmers to change their practices. While much research has been conducted on the adoption of 'modern' agricultural innovations such as Green Revolution technologies [8] [9] [10] , there is a shift in the adoption literature towards more sustainable practices like conservation agriculture, organic farming, and agroforestry [7, [11] [12] [13] . The adoption of sustainable practices can be understood as a form of pro-environmental behavior, with individuals more or less consciously choosing actions that do less harm to the natural environment. The motivation for farmers' pro-environmental behavior can be manifold, as environmental and socio-economic benefits are often closely linked.
Focusing on two case studies in rural Kyrgyzstan, we investigated the factors shaping the adoption of protective tree shelterbelts, the most prominent form of agroforestry in irrigated agriculture in Central Asia that has a significant potential to improve land use systems in this semi-arid environment [14] [15] [16] . Tree shelterbelts along the boundaries of agricultural cropland provide a number of regulating ecosystem services (ESS), such as the reduction of wind erosion and associated soil degradation, the regulation of microclimate, and the improvement of water use efficiency due to reduced wind speeds. These services result in an increase in crop yields and make farming systems more resilient to the impacts of climate change. Moreover, when properly managed, the trees can also provide provisioning ESS as a reliable source of timber and fuel wood, offering new sources of income to farmers. Fuel wood from shelterbelts can reduce pressure on natural forests [14, [17] [18] [19] . In the former Soviet Union, shelterbelts were widely adopted to reduce wind speed on large agricultural areas of collective farms (kolkhoz and sovkhoz). In the mid and late 1990s, after the collapse of Soviet Union, countries in Central Asia faced serious energy crises, with the result that tree shelterbelts were cut down for fuel wood [14, 20] . However, the adoption of such practices depends on the perception and willingness of local land users, and little is known about farmers' perspectives on agroforestry practices in Central Asia so far, in particular shelterbelts. The factors that are relevant for the adoption of agroforestry vary in each Central Asian state, with governments taking different development pathways with different agricultural reforms after the collapse of the Soviet Union [21, 22] . Based on field research conducted in September to October 2018 in two different regions of rural Kyrgyzstan (Issyk Kul and Jalal Abad), this article aims to address this gap for Kyrgyzstan.
To gain a holistic understanding of the manifold factors shaping local adoption processes with regard to agroforestry, we chose an analytical framework developed by Meijer et al. [23] . This framework highlights both extrinsic (e.g., geographical and socioeconomic factors) and intrinsic (individual knowledge, perceptions, and attitudes) factors, as well as their interrelations (see Section 3) . The main research question is: How do extrinsic and intrinsic factors influence the adoption of shelterbelts by farmers in rural Kyrgyzstan? Furthermore, the following sub-questions were addressed: 1. What are differences on a regional or village level concerning the factors affecting the adoption of shelterbelts? 2. What kind of rules are set by the local self-governance body regarding the establishment of shelterbelts on agricultural cropland, and 3. How do these rules translate into decisions by the households in the sample villages?
Farming Systems in Rural Kyrgyzstan: Introduction to the Case Study Area
The Kyrgyz Republic, located in Central Asia and bordering Kazakhstan, Uzbekistan, Tajikistan, and China is a small mountainous country with a territory of 199,900 km 2 . Of the population of 6.4 million people, about two thirds live in villages in rural areas [24] . Even though the contribution of agriculture to the national GDP has dropped sharply from 43.9% in 1996 to only 15.9% in 2015, the sector still accounts for around 29% of the country's employment [25] . Nevertheless, people who live in rural areas and are employed in other sectors often perform subsistence farming in addition to their off-farm jobs. In this context, agriculture is important for most of the 66% of Kyrgyz people living in rural areas to sustain their livelihood and to ensure food security [26] .
Of the overall territory of Kyrgyzstan, only 6% is suitable for arable farming [27] . Due to the semi-arid to arid climate in Central Asia, arable land largely depends on irrigation techniques to perform agriculture. Most irrigation systems were set up and planned for large scale centralized farms during Soviet Union times and do not correspond to the needs of the small individual farm plots found in Kyrgyzstan today [28] . After the dissolution of the Soviet Union, the Kyrgyz Republic introduced reforms to shift from a centrally planned to a market-oriented economy. In the agricultural sector, this resulted in a restructuring of the farming sector that shifted from large scale state owned farms, with areas of crop land exceeding 2000 ha, to predominantly small scale individual land plots [29] . In the course of the redistribution of farmland from former kolkhoz to individual farmers (i.e., the former kolkhoz members), the average size of an individual farm substantially decreased from 15 ha in 1994 to 1996 to approximately 3 ha in 2002 and further to 2 ha in 2017 [25, 30] . Figures 1 and 2 exemplify this process for two villages from the study regions in Kyrgyzstan. 
Study Area Issyk Kul
The Issyk Kul region is located in the eastern part of the country and covers an area of 43,735 km², equalling 21.8% of the total area of the Kyrgyz Republic [31] . Of this area, 22,080 km² is occupied by the Basin of the Issyk Kul lake and 6236 km² by the lake itself, the second largest saline lake of the world [32] . The region has a continental climate with average temperatures ranging from −7 to −15 degrees in the coldest winter months (December to February) and 11 to 20 degrees in summer (June to August) (own calculation based on the data of six climate measuring stations in the Issyk Kul Oblast from weatherbase.com). However, the climate is highly variable, from being warm, dry, and temperate in the west of the lake to slightly moist in the eastern parts [33] . The annual precipitation ranges between 132.1 mm in the northwest (Balychy) to 422.7 mm in the east (Tyup) of the Issyk Kul Oblast (data from weatherbase.com). In regards to the impact of natural hazards, the Issyk Kul region is mostly affected by hurricane winds [34] . Overgrazing, and a decrease of species diversity are among the most pressing environmental challenges, followed by droughts and the loss of soil fertility. According to a study published in 2010 by the Food and Agriculture Organization of the United Nations (FAO), 41% of the territory of the region (excluding forestry land) is facing environmental problems [31] . The selected sample villages in Issyk Kul are located on an elevation between 1600 to 1800 meters above sea level (source: Global Multi-resolution Terrain Elevation Data 2010). The population of the Issyk Kul region is 489,800 [35] with a population density of 11.2 people per km² (based on our own calculation-dividing the population through areas). On a municipal level, several villages are subordinated to one Aiyldyk Aimak which can be translated to "village community". The sample villages Kichi-Oryuktyu and Kyurmentyu are subordinated to the Aiyldyk Aimak Kuturgu and were located in the district Tyup. The village Barskoon in the district Jeti-Oguz belongs to the Aiyldyk Aimak Barskoon,and the villages Tong and Bokonbaevo in the district Tong belong to the Aiyldyk Aimak Tong and Bokonbaevo (Figure 3 ). 
The Issyk Kul region is located in the eastern part of the country and covers an area of 43,735 km 2 , equalling 21.8% of the total area of the Kyrgyz Republic [31] . Of this area, 22,080 km 2 is occupied by the Basin of the Issyk Kul lake and 6236 km 2 by the lake itself, the second largest saline lake of the world [32] . The region has a continental climate with average temperatures ranging from −7 to −15 degrees in the coldest winter months (December to February) and 11 to 20 degrees in summer (June to August) (own calculation based on the data of six climate measuring stations in the Issyk Kul Oblast from weatherbase.com). However, the climate is highly variable, from being warm, dry, and temperate in the west of the lake to slightly moist in the eastern parts [33] . The annual precipitation ranges between 132.1 mm in the northwest (Balychy) to 422.7 mm in the east (Tyup) of the Issyk Kul Oblast (data from weatherbase.com). In regards to the impact of natural hazards, the Issyk Kul region is mostly affected by hurricane winds [34] . Overgrazing, and a decrease of species diversity are among the most pressing environmental challenges, followed by droughts and the loss of soil fertility. According to a study published in 2010 by the Food and Agriculture Organization of the United Nations (FAO), 41% of the territory of the region (excluding forestry land) is facing environmental problems [31] . The selected sample villages in Issyk Kul are located on an elevation between 1600 to 1800 meters above sea level (source: Global Multi-resolution Terrain Elevation Data 2010). The population of the Issyk Kul region is 489,800 [35] with a population density of 11.2 people per km 2 (based on our own calculation-dividing the population through areas). On a municipal level, several villages are subordinated to one Aiyldyk Aimak which can be translated to "village community". The sample villages Kichi-Oryuktyu and Kyurmentyu are subordinated to the Aiyldyk Aimak Kuturgu and were located in the district Tyup. The village Barskoon in the district Jeti-Oguz belongs to the Aiyldyk Aimak Barskoon, and the villages Tong and Bokonbaevo in the district Tong belong to the Aiyldyk Aimak Tong and Bokonbaevo (Figure 3 ). 
Study Area Jalal Abad
The second study area was the Jalal Abad region located in the southwest of the country. It covers an area of 32,418 km², which is 16.2% of the total area of the Kyrgyz Republic [31] . The climate is highly variable and ranges from a humid hot summer continental climate to a cold semiarid climate, depending on various factors such as altitude, exposition, and relief [36] . Average temperatures range from −3.6 to −3 degrees in the coldest winter months (December to February) and from 22.4 to 25 degrees in summer (June to August). With 372.8 mm annually, the lowest amount of precipitation of the whole region was measured at the climate station in Tash Kumyr in the northwest of the Jalal Abad Oblast. In the city Jalal Abad, located in the south of the region, annual precipitation is 430 mm (data from weatherbase.com). Reasons for the environmental challenges faced in the Jalal Abad region are an over usage of natural resources, unsustainable irrigation techniques, droughts, overgrazing, and erosion. However, on a smaller scale, a wide range of further environmental problems like the loss of soil fertility and a decrease of species diversity are prevalent. According to the aforementioned study published by FAO, 71% of the land area (excluding forestry land) in the Jalal Abad region is subject to these environmental problems [31] . The sample villages in Jalal Abad are located at an elevation between 600 to 800 meters above sea level (source: Global Multi-resolution Terrain Elevation Data 2010). The population of the Jalal Abad Oblast is 1,214,400 [35] . Population density has increased in the last two decades and is currently 37.5 people per km², increasing the scarcity of land and the pressure on natural resources. The case study village Beshik-Jon is subordinated to the Aiyldyk Aimak Beshik-Jon and the village Kyzyl Aiyl to the Aiyldyk Aimak Saydykum. Both are located in the Bazar Korgon district. The village Jangy Dyykan belongs to the Aiyldyk Aimak Suzak that is located in the district of Suzak.
Conceptual Framework
With a few exceptions [20, 22, 37, 38] both international and national research on adoption of agroforestry practices in Central Asia barely exists. There is a bulk of research from Soviet times on biophysical effects of tree wind breaks as an agroforestry system on crops [14] . As these systems were imposed down to state farms, this research does not relate to adoption. Moreover, current studies do not focus much on the adoption itself. Instead, those studies grasp the opinion of farmers across a 
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Conceptual Framework
With a few exceptions [20, 22, 37, 38] both international and national research on adoption of agroforestry practices in Central Asia barely exists. There is a bulk of research from Soviet times on biophysical effects of tree wind breaks as an agroforestry system on crops [14] . As these systems were imposed down to state farms, this research does not relate to adoption. Moreover, current studies do not focus much on the adoption itself. Instead, those studies grasp the opinion of farmers across a wide range of topics so that adoption of agroforestry systems is only one topic among many others. As a result, no analytical framework has been tested for the Central Asian context to investigate possible factors to consider.
However, since the early 1990s, a considerable amount of adoption studies on agroforestry has been conducted in Africa and other parts of Asia [23, 39, 40] . Since in the 2000s, the perspective of land users is also increasingly investigated in Europe [41, 42] . In Europe, major reasons why farmers refrain from applying agroforestry techniques were found to be traditions, a lack of knowledge, and a widespread assumption that conventional farming systems are easier to manage than agroforestry systems. Still, perspectives concerning agroforestry systems were highly variable throughout the European states. For example, farmers in the Mediterranean primarily valued them for increasing farm profitability, while farmers in northern Europe highlighted ecological benefits [41, 42] . Studies conducted in the tropics reveal that adoption of agroforestry lacks behind the scientific and technical advances and the potential of its implementation, even though comprehensive efforts have been made to promote the integration of agroforestry into farming systems [39] . Even after successful implementation, further maintenance of agroforestry was discontinued in various cases [43, 44] . Additionally, a shift of governmental agendas and legislative regulations can compromise the application of agroforestry techniques. Adoption appears to be closely linked to the provision of project incentives, with agroforestry systems being discontinued after project closure [43, 44] . Nevertheless, there are success stories of large-scale adoptions like a documented rehabilitation of agroforestry systems in Niger on more than 7 million hectares through farmer-managed regeneration [45] .
Still, the factors influencing adoption of agroforestry are not thoroughly understood and depend on a wide range of variables [23] . To identify those variables and to organize them into a framework, a meta study by Meijer et al. [23] reviews existing decision-making theories together with studies from sub-Saharan Africa that aim to identify factors that impact the uptake or the rejection of agricultural and agroforestry innovations. With some modifications, we apply this conceptual framework in our analysis of agroforestry adoption in rural Kyrgyzstan.
The meta study by Meijers et al. [23] highlights that traditional decision-making theories on innovation adoption put an emphasis on extrinsic factors like the social and economic context of the farmer and the new technology offered to them. Only within the last decade, a number of studies in and outside of sub-Saharan Africa tried to explain the adoption of agroforestry innovations by looking at intrinsic factors such as individual attitudes and perceptions. However, the comparability of adoption studies focusing on extrinsic or intrinsic factors is limited due to the variation in considered variables. In addition, factors can significantly differ from region to region due to site-specific conditions [46] [47] [48] . Meijers et al. highlight that "technology uptake is a complex nonlinear process, influenced by multiple factors" [23] (p. 43). To acknowledge the complexity of the adoption process, they developed a framework that incorporates factors suggested by existing decision-making theories like the 'diffusion of innovations theory' [49] and the 'theory of planned behavior' [50] , that have guided a wide range of studies aiming to understand the uptake of agricultural innovations [51] [52] [53] . Meijers et al. integrate both extrinsic and intrinsic factors into the model to investigate the adoption of agroforestry systems. Most importantly, the interaction between those factors is highlighted. We take this framework as a guideline to identify possible intrinsic and extrinsic factors as relevant for the adoption of shelterbelts systems in Kyrgyzstan. While keeping the overall structure ( Figure 4 ) and categories of the framework, we adapted the subcategories to the context of rural Kyrgyzstan. In the heart of the analytical framework lies the intrinsic factors, i.e., the knowledge about and the perception of the innovation that shape the attitude towards it. A positive attitude will increase the probability of adoption, whereas a negative one will most likely result in a rejection. Knowledge refers to the factual information that someone gains about an innovation. The perception of the innovation can, but does not have to correspond with its actual impact (beneficial or detrimental), but it might be shaped by previous experience or affected by the opinion of others on the subject matter. There are three main categories of extrinsic factors that shape knowledge, perception, and attitude. First, the characteristics of the farmer: this includes personal (e.g., gender, age, ethnicity) and socioeconomic characteristics (e.g., income, assets, education). One could assume that the personal characteristics constitute intrinsic factors. However, in the context of this conceptual framework, intrinsic factors are related to psychological factors and depict inner processes that are the basis for the formation of knowledge, perceptions, and attitudes. In this context, personal characteristics might be a major determining factor for intrinsic factors, but are categorized by Meijer et al. as 'external' influencing factors. In addition, for the research it was of interest whether there are conflicts within the social network, with neighbors, or within the village community that might impact the willingness to adopt. Moreover, it was investigated whether there are rules set by the community regarding the planting of trees on fields (e.g., as shelterbelts). Familiarity with the technology refers to the actual usage of shelterbelts by themselves or in their environment.
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Other extrinsic factors refer to the characteristics of the external environment, firstly the geographical setting (e.g., climate, soil conditions, and usage of irrigated or rain-fed land for agricultural purposes). In the case of Kyrgyzstan, this factor is closely interlinked with the political conditions. National policy strictly defines what types of land can be used for what purpose. Additionally, the status of land tenure shapes decisions on agroforestry systems that can only be successfully implemented with a long-term commitment. As part of the analysis of the political conditions, particular attention was paid to the local self-government body, the Aiyl Okmotu, being in charge of the respective Aiyldyk Aimak, since they are exercising control over the use of agricultural land. Furthermore, the status of farmers within the village communities was investigated. Societal aspects were of particular interest with regard to traditions that shape how agriculture is performed. In this context an important category that was added to the characteristics of the external environment is the historical experience. Shelterbelts are not an agroforestry innovation in Kyrgyzstan in the literal sense. As previously mentioned, the Soviet republics had a long tradition in integrating shelterbelts into farming systems. For this reason, it is important to gain an insight into how the current perception and knowledge is shaped by the historical experience. In this sense, it could be more accurate to frame shelterbelt adoption as a reintegration of shelterbelts into farming systems.
Methods
The methodological approach consisted of the following steps. First, relevant literature on agroforestry in Central Asia, general land use, land tenure, and the historical development of Kyrgyzstan were reviewed. An important aspect was to analyze the legislative framework of the country to identify those laws that regulate the planting of trees on farmland. Next, literature on agroforestry adoption was reviewed to identify relevant categories suggested by previous research to be focused on during the field research. In a third step, these categories served as a basis to develop a semi-structured household questionnaire to find out how intrinsic and extrinsic factors influence the adoption of shelterbelts by farmers in rural Kyrgyzstan. The Issyk Kul and Jalal Abad Regions were chosen as research areas, since previous research on technical aspects of agroforestry systems had been conducted there [54, 55] . These regions reflect two different geographical areas of the country, revealing different factors, or at least a different specification of factors (e.g., in terms of climatic conditions) that affect the adoption of shelterbelts in the north and the south of the country. In the two sample regions, a total of 80 semi-structured household interviews were conducted in 8 different villages (5 in Issyk Kul, 3 in Jalal Abad), 10 in each village. The villages were selected based on the criteria that they belonged to different Aiyldyk Aimak to compare the position of the households towards shelterbelts with the rules set by their Aiyl Okmotu. Most of the households were selected randomly, covering different parts of the village. Households not holding any agricultural land were excluded from interviews. In the three villages in the Jalal Abad Region, snowball sampling was occasionally applied since it was difficult to approach households.
The household interviews were structured into five categories to cover extrinsic and intrinsic factors that possibly influence the adoption of shelterbelts. The categories were land tenure, land use, shelterbelts, social factors, and demographics. These categories were developed (a) from factors suggested by previous studies on agroforestry adoption and (b) from informal talks with experts as well as literature research on the reform processes in Kyrgyzstan. The questions asked during the interviews were sometimes updated or modified, as new relevant aspects were brought up during the interviews. To gain an insight into the position of the local government towards the reestablishment of shelterbelts in the villages, expert interviews were conducted with the responsible persons of the Aiyldyk Aimak in charge of the sample villages.
Results

Household Characteristics and Local Context
Table 1 provides an overview of the socio-demographic characteristics of the respondents in Issyk Kul and Jalal Abad. The data illustrates the high dependency of households in both regions on their agricultural output as main source of income. The main crops planted in Issyk Kul were wheat, fodder crops (e.g., barley, alfalfa), potatoes, and vegetables. In the southern part of the region, fruit trees planted on cropland were common. In Jalal Abad, cotton, grass, and corn were the main crops. All households depended on irrigation techniques for their agriculture. Agriculture and animal husbandry were closely interrelated. In addition, some respondents supplemented their income by working off-farm (e.g., as a driver, sewer, teacher or mechanical engineer). Compared to Issyk Kul, households were larger in Jalal Abad, while available land (cropland and kitchen gardens) was significantly smaller. Possibly as a result, in Jalal Abad more households had family members working abroad to provide support through remittances. These findings correspond to previous research on migration in the two regions [56] . In addition, the educational level was lower among respondents in Jalal Abad than in Issyk Kul. Presumably, this limited their possibilities to diversify their income. The whole sample has a gender bias towards male respondents, since men, in particular the elderly, traditionally hold the position of the head of the household. This is also reflected by the average age of respondents (see Table 1 ). Wood was an important energy source in both regions, used by over 90% of the households for cooking and heating. However, the main source of energy for heating was coal. Previous studies on the factors impacting the adoption of agroforestry systems found land tenure to affect adoption significantly [57, 58] . Among the sample, the land tenure status reported by households was highly variable, ranging from renting agreements of 49 to 99 years. Still, half of the respondents in both regions considered the land they used as their own. This discrepancy is a surprising research outcome. In the following, a brief introduction into the privatization process of agricultural land will be given to put these findings into context. The beginning of the land distribution differed on a regional and local level since the de-collectivisation process started as early as 1992 and was only made compulsory in 1994. The total amount of land distributed in each village differed greatly, depending on the size and number of people eligible to a land share. At least in theory, land was evenly distributed among the former members of the collective farms. Land share documents were converted to ownership certificates by the State in 1998 [59, 60] . However, not only interviewed farmers, but also the Aiyl Okmotu in both regions provided inconsistent information concerning the land tenure status of households. These findings illustrate a lack of communication between the central government, the Aiyl Okmotu, and rural households. Nevertheless, no connection between the perceived land tenure status of households and the willingness to adopt shelterbelts could be evidenced. "It depends-With small fields more problems arise. Since it is shading both sides. In the past [during Soviet times] with big fields they had shelterbelts and it made sense. In a small field it doesn't make sense to have shelterbelts. They cause too much shadow."
(Interview with farmer in the village Kyurmentyu in the Issyk Kul region 11.09.2018)
Overall, shelterbelts did not play a prominent role in current land use systems: Only 15 out of 80 respondents (11 in Issyk Kul, 4 in Jalal Abad) had shelterbelts on their agricultural land. The main tree species were poplar (mainly Populus nigra) followed by crack willow (Salix fragilis) and elm (Ulmus minor). One reason for the low adoption rate appears to be a rather negative perception of shelterbelt systems: About 59% of respondents perceived them as overall negative and only 26% as positive, with a generally more positive opinion in Issyk Kul compared to Jalal Abad (see Figure 5 ). About 14% of the interviewees in Issyk Kul stated that there is a trade-off to plant shelterbelts and that it depends on the site-specific conditions (e.g., size of the land, wind, climate) whether they are beneficial or disadvantageous. In the Issyk Kul region, opinions towards shelterbelts differed greatly from village to village. In Kichi-Oryuktyu, 70% (7) of the respondents had a negative perception of shelterbelts, while in Bokonbaevo, 80% (8 respondents) perceived them in positive terms. In the Jalal Abad region, results were more homogenous, with the majority of interviewees holding a negative perception. Nonetheless, in the village of Kyzyl Aiyl in Jalal Abad, 100% (10 respondents) considered shelterbelts negatively, in contrast to only 40% (4 respondents) in Jangy Dyykan in the same region. Overall, shelterbelts did not play a prominent role in current land use systems: Only 15 out of 80 respondents (11 in Issyk Kul, 4 in Jalal Abad) had shelterbelts on their agricultural land. The main tree species were poplar (mainly Populus nigra) followed by crack willow (Salix fragilis) and elm (Ulmus minor). One reason for the low adoption rate appears to be a rather negative perception of shelterbelt systems: About 59% of respondents perceived them as overall negative and only 26% as positive, with a generally more positive opinion in Issyk Kul compared to Jalal Abad (see Figure 5 ). About 14% of the interviewees in Issyk Kul stated that there is a trade-off to plant shelterbelts and that it depends on the site-specific conditions (e.g., size of the land, wind, climate) whether they are beneficial or disadvantageous. In the Issyk Kul region, opinions towards shelterbelts differed greatly from village to village. In Kichi-Oryuktyu, 70% (7) of the respondents had a negative perception of shelterbelts, while in Bokonbaevo, 80% (8 respondents) perceived them in positive terms. In the Jalal Abad region, results were more homogenous, with the majority of interviewees holding a negative perception. Nonetheless, in the village of Kyzyl Aiyl in Jalal Abad, 100% (10 respondents) considered shelterbelts negatively, in contrast to only 40% (4 respondents) in Jangy Dyykan in the same region. Figure 6 illustrates which types of benefits are considered important by interviewees. In Issyk Kul, 14 different types of benefits and a total of 83 benefits were mentioned. In Jalal Abad, respondents named only 8 different types of benefits in a total of 22 mentions. This great disparity is not only related to the discrepancy in the number of interviewed households per region. When breaking it down to the benefits mentioned per household, the discrepancy remains (Issyk Kul: 1.66 mentioned benefits per household; Jalal Abad: 0.73 mentioned benefits per household). The number of mentioned benefits per household ranged from 0 to 5. The amount of benefits named per Figure 6 illustrates which types of benefits are considered important by interviewees. In Issyk Kul, 14 different types of benefits and a total of 83 benefits were mentioned. In Jalal Abad, respondents named only 8 different types of benefits in a total of 22 mentions. This great disparity is not only related to the discrepancy in the number of interviewed households per region. When breaking it down to the benefits mentioned per household, the discrepancy remains (Issyk Kul: 1.66 mentioned benefits per household; Jalal Abad: 0.73 mentioned benefits per household). The number of mentioned benefits per household ranged from 0 to 5. The amount of benefits named per household provides the information that although a wide range of benefits were brought up during the interviews, individual knowledge about the manifold benefits of shelterbelts seemed to be considerably low.
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Perceived Concerns
The main concerns raised by the farmers were grouped into ten types during the analysis. In Issyk Kul (see Figure 7 ), 9 different types of concerns and a total of 66 concerns were mentioned. Per household, an average of 1.32 concerns were raised (ranging from 0 to 5). In the Jalal Abad Region (see Figure 7 ), 8 different types and a total of 43 concerns were brought up, with an average of 1.43 mentioned concerns per household (ranging from 0 to 3). The main type of concern was shading, followed in Jalal Abad by possible conflicts with neighbours and difficulties with agricultural machinery. Farmers were concerned that machineries like tractors and combine harvesters cannot move properly on the fields when facing trees as obstacles. This concern was closely linked to the small size of field plots limiting the space of the machinery to manoeuvre. Respondents often considered their fields as being too small for shelterbelt systems and refered to the large scale farms during Soviet times. As a possible solution to avoid conflicts between neighbours and to mitigate the issue of small field sizes, respondents were also asked about their openness towards cooperative arrangements (see Section 4 below). 
Shelterbelts and Trees on Fields-Permissions and Restrictions
The Legal Status for Establishing Shelterbelt Systems
All land areas of the Kyrgyz Republic are assigned to a certain category that determines their purpose along with a particular set of rules regulating their management (Article 10 of the law no. 45 Land Code of the Kyrgyz Republic). Agroforestry is only marginally acknowledged in the legislative framework of the Kyrgyz Republic. Nevertheless, the definition for what agricultural land can be used for (Article 73 of the law no. 45 Land Code of the Kyrgyz Republic, Article 1 of the law no. 4 on the management of agricultural land) contains the term 'protective afforestation' that refers to shelterbelts and allows, by definition, the planting of shelterbelts on the edges of agricultural land.
Perceptions and Rule-Setting by the Aiyl Okmotu
The rules set by the Aiyl Okmotu, the executive body of local self-governance that exercises control over the use of agricultural land in the territorial administration (law no. 101 on local selfgovernment), differ between the two study regions as well as between the villages within each region, despite the fact that the same laws concerning the planting of shelterbelts is applicable for the whole country (law no. 45 Land Code of the Kyrgyz Republic, law no. 4 on the management of agricultural land). Figure 8 illustrates the different regulations regarding the planting of shelterbelts as defined by the investigated Aiyl Okmotu in Issyk Kul and Jalal Abad. The symbols for fruit and forest trees refer to the type of trees to be used as shelterbelts. 
Shelterbelts and Trees on Fields-Permissions and Restrictions
The Legal Status for Establishing Shelterbelt Systems
Perceptions and Rule-Setting by the Aiyl Okmotu
The rules set by the Aiyl Okmotu, the executive body of local self-governance that exercises control over the use of agricultural land in the territorial administration (law no. 101 on local selfgovernment), differ between the two study regions as well as between the villages within each region, despite the fact that the same laws concerning the planting of shelterbelts is applicable for the whole country (law no. 45 Land Code of the Kyrgyz Republic, law no. 4 on the management of agricultural land). Figure 8 illustrates the different regulations regarding the planting of shelterbelts as defined by the investigated Aiyl Okmotu in Issyk Kul and Jalal Abad. The symbols for fruit and forest trees refer to the type of trees to be used as shelterbelts. In two Aiyldyk Aimak in Issyk Kul, Tong and Bokonbaevo, farmers were allowed to plant shelterbelts, but the practice was discouraged by the local authorities. The Aiyl Okmotu were comparing the current size of field plots owned by household with the size of fields during the Soviet era and considered the current field sizes to be too small to make effective use of shelterbelts. From their point of view, the shading of plants by the trees would outbalance the sheltering effect. In addition, they argued that the root system of shelterbelts planted on the edges of agricultural cropland would make tillage difficult. In Kuturgu, Barskoon, and Suzak, planting shelterbelts was only allowed under certain conditions and with some restrictions. In Kuturgu, only the planting of bushes or small fruit trees was allowed as shelterbelts, while poplars were explicitly forbidden. In Barskoon, the planting of shelterbelts was generally allowed. Nevertheless, households had to negotiate with their neighbors if they could plant them. If the shelterbelts hindered the machinery to maneuver, the Aiyl Okmotu demanded from farmers to root the trees out. In Suzak, the planting of shelterbelts was generally allowed, although farmers needed to formally ask the Aiyl Okmotu first. In Beshik-Jon and Saydikum, shelterbelts were handled most restrictively by the Aiyl Okmotu, who referred to an ostensible law that generally forbids the planting of shelterbelts. However, our research revealed that no such law exists. Comparing the results between the two regions, it can be seen that shelterbelts are dealt with more restrictively in Jalal Abad. However, even though local rules in Issyk Kul are not as strict as in Jalal Abad, most Aiyl Okmotu recommended not to plant shelterbelts. The main concern of Aiyl Okmotu was related to the shading effect of trees on crop land and its potential source of conflict between farmers. The position of the households in Jalal Abad towards shelterbelts tend to reflect the rules set by their Aiyl Okmotu. In Issyk Kul, though, deviation on a village level existed. Particularly outstanding were the results of the village Bokonbaevo, that will be introduced in the discussion.
Discussion
The purpose of this study was to identify extrinsic and intrinsic factors that influence the adoption of shelterbelts by farmers in rural Kyrgyzstan. The results of the interviews with the households and Aiyl Okmotu revealed that the adoption of shelterbelts among the sample was considerably low. Moreover, only one respondent in the whole sample expressed an intention to plant shelterbelts. Despite the low adoption rate by households, respondents were still able to provide information about their perception of the benefits and concerns associated with shelterbelts. These perceptions were partly rooted in witnessing the large-scale application of this agroforestry system during Soviet times. This experience in the past was one of the main reasons why interviewees considered their crop lands as too small to make effective use of shelterbelts. Overall, shelterbelts were perceived negatively by a large percentage of the respondents. This was particularly the case in Jalal Abad region. The results of the research partly confirmed the reservation of the rural population regarding the integration of trees into their farming systems as revealed by previous research in Kyrgyzstan and the neighboring countries Tajikistan and Uzbekistan [20, 38, 61] . However, the negative perception by a great share of the interviewees was mostly limited to shelterbelts and did not necessarily mean that households were generally opposed to the idea of planting trees on crop land.
During the research, relevant extrinsic factors impacting the perception and adoption of shelterbelts were identified, such as the current size of the crop lands, the geographical setting and climatic conditions, the experience with shelterbelt systems during Soviet times, and the rules defined by the Aiyl Okmotu regarding the planting of shelterbelts on crop lands. These extrinsic factors influenced the intrinsic factors, e.g., the factual knowledge of and the perceived benefits and concerns about shelterbelts. Furthermore, this research revealed a profound gap between the rules set in the legislative framework regarding shelterbelts on the one hand, and their interpretation and implementation by the local Aiyl Okmotu on the other hand. In addition, the key demographic data highlighted differences of the socio-economic status of the households on a regional level, e.g., the size of land owned and level of education. Different factors affecting the adoption in the two research areas and some arguments for or against shelterbelts were weighed differently, highlighting the role of site-specific conditions for the farmers' perceptions. The absence of trainings and extension services promoting shelterbelts possibly hampers the reintroduction of shelterbelts in both regions.
As a means to solve the issue of small individual field plots, cooperative agreements to jointly fence neighboring agricultural fields with a larger shelterbelt system were discussed with respondents in both regions. Such arrangements with shared benefits and losses could also reduce the potential for conflicts among farmers. The discussions revealed that overall, more households in Issyk Kul than in Jalal Abad were open to work in a cooperative. Generally, local views on cooperative arrangements are largely shaped by an idealization of heavily subsidized cooperatives during Soviet times on the one hand, and a failure of post-Soviet cooperatives in the 1990s due to a lack of sufficient agricultural inputs and unrealistic expectations for individual economic benefits on the other hand. Several respondents also mentioned a high degree of mistrust between farmers as an obstacle to motivate people to cooperate. Nevertheless, the Aiyl Okmotu in both regions were indicating support for the set-up of cooperatives (e.g., by providing cheap loans). In this context, supporting best practice examples of cooperatives might be a viable option. The discussions also showed that positive experiences with cooperation was an important factor for the willingness of individual households to join a cooperative.
In contrast to suggestions by previous research from Uzbekistan, Kyrgyzstan, and Kazakhstan, the water consumption of trees or shelterbelts was not raised as a concern by respondents [ 14, 17, 37] . Nevertheless, in the sample villages agriculture was highly dependent on irrigation and one quarter of the respondents reported difficulties with their water access. To illustrate the interlinkages of extrinsic and intrinsic factors affecting the adoption of shelterbelts on a village level, two examples are discussed in the following. The village Bokonbaevo located in Issyk Kul serves as an example for circumstances that increase the chances of shelterbelt adoption, whereas the village Kyzyl Aiyl in the Jalal Abad region illustrates the opposite.
In Bokonbaevo, the largest number of interviewed households (5 of 10) had planted shelterbelts, and more households than in other villages had a positive perception towards shelterbelts (8 of 10). In addition, respondents in Bokonbaevo mentioned a high number of benefits (24) and the lowest number of concerns (7) among all sample villages. The benefits brought up by respondents reflected their needs and were largely related to the climatic conditions of the area. Interviewees reported strong winds in the area and a lower level of precipitation compared to the sample villages in Jalal Abad. This information was also supported by the climate data of the nearest climate station in Kadhzi-Say (data retrieved from weatherbase.com). In this context, respondents emphasized the function of shelterbelts to act as a windbreak and their capability to keep the soil moist through reduced evapotranspiration. In addition, shelterbelts acted as fences to prevent freely grazing animals from entering the agricultural cropland. Interestingly, those positive effects were remembered and traced back by respondents to the Soviet era. Even though the Aiyl Okmotu in Bokonbaevo had reservations towards shelterbelts and did not recommend planting them, all households specifically asked about regulations (8 of 8) acknowledged no official restrictions and argued that they are free to plant shelterbelts. In addition, no current or anticipated conflicts with neighbors in relation to shelterbelts were reported.
In contrast, only 1 of 10 households in Kyzyl Aiyl reported to have a 'shelterbelt' on crop land. The shelterbelt was solely planted to provide firewood and construction material and not with the intention to provide protection for the crops. Kyzyl Aiyl was one of the villages where most types (6) and the highest number of concerns (18) were reported. This was reflected in the overall negative perception of shelterbelts in the village (10/10). Only two types of benefits were brought up by respondents: the provision of construction material and firewood. Respondents emphasized the negative impacts of shelterbelts and stated that planting them was a trade-off to receive timber. The key effect of a shelterbelt to act as windbreak was not mentioned or even known by households. In addition, the climate data reported a lower wind speed in the area compared to Issyk-Kul. This could be a reason why shelterbelts are rarely found in the village. According to the respondents, shelterbelts were not common in the area in the past. Generally, rules related to establishing shelterbelts are interpreted rather restrictively in Kyzyl Aiyl, with half of the respondents in the village stating that it is forbidden to plant them. Two interviewees stated that a permission by the Aiyl Okmotu is needed, while the Aiyl Okmotu reported that planting shelterbelts in the village is completely forbidden.
The presented examples show that the adoption or rejection of shelterbelts cannot be reduced to a single dominating factor. Instead, site-specific conditions, in particular climatic conditions, the level of knowledge of households, as well as the rules set by the Aiyl Okmotu profoundly shape the perception of and attitude towards shelterbelts. In Bokonbaevo, where a tradition of making effective use of shelterbelts exists and strong winds and a lack of precipitation prevail, farmers are more likely to adopt shelterbelt systems. In Kyzyl Aiyl, in contrast, climatic conditions do not necessarily underline the need to protect fields from strong wind, and a relative lack of knowledge about the benefits of shelterbelts possibly explains their negative perception. In both cases, the rules set by local authorities are decisive for the adoption of shelterbelts.
Conclusions
In order to better understand which factors promote or inhibit farmers' pro-environmental behavior-in our case, the planting and maintenance of protective tree shelterbelts-we selected two case study regions to identify similarities and differences in two geographical locations. The conceptual framework of the study, which focused on showing the linkages and interaction between extrinsic and intrinsic variables as well as the missing influence of the intervening variable of extension in the decision-making process of farmers was helpful to understand the conditions for adoption in a more holistic way. The framework provided a useful lens guiding the development of guiding questions, semi-structured interviews, and observations during field visits.
The results on household characteristics showed a high dependency on local natural resources for agriculture, in particular on water utilized through irrigation techniques. Under changing climatic conditions, water use efficiency will be decisive for the resilience of the agro-ecological systems. Currently, however, the windbreak effect and potentials for more efficient use of water are not a major concern of farmers. There are plausible reasons why farmers are currently reluctant to invest time and resources in the re-establishing of shelterbelts (such as small and scattered field sizes combined with the concern about conflicts with neighbouring farmers). It is striking, though, that only one respondent expressed plans to plant shelterbelts when asked about such plans.
A strategy to increase the adoption of shelterbelts (in order to take advantage of their ecosystem services) is to put stronger emphasis in argumentation on those benefits that are ranked highest by the farmers. These include the provision of construction material, firewood, fences, and the like. There are many synergies between the provisioning and regulating ecosystem services of shelterbelts, which can be best communicated at demonstration sites managed by local farmers themselves under supervision and support of extension workers. This requires willingness from the side of the farmers and support from regional agricultural extension organizations that have so far been rather inactive in the promotion of agroforestry. A further strategy is to broaden the focus of agroforestry extension to include not only shelterbelts but to integrate more prominently the planting of fruit trees into extension strategies as a way to generate additional income and to diversify the basis of livelihoods. Important obstacles identified during field studies were the role of and rule setting by the local governments (Aiyl Okmotu). The interpretations and knowledge of the national legal framework varied considerably from village to village. Therefore, working together and with the support of local governments is important. Since the usefulness of shelterbelts was clearly demonstrated for the large-scale cooperative farms during Soviet times, one way to overcome the obstacle of small field sizes would be to promote the adoption of cooperative arrangements to set up joint shelterbelt systems covering larger areas of land. This would also require institutional support to show how modern cooperative arrangements can function in the Kyrgyz context.
For any intervention to encourage the planting of shelterbelts, be it by the state, NGOs or other actors, a sound understanding of both intrinsic and extrinsic factors and their interlinkages is needed. While the extrinsic factors are usually better known and more obvious, the intrinsic factors (knowledge, perceptions, and attitudes) frequently remain unclear. The research showed that by applying the framework, no single dominant factor, but a rich multifaceted picture of variables can be identified. In our particular case, the interplay between past experiences, lack of knowledge, the lack of encouragement of local administrative bodies and non-consistent interpretation of legal rules creates a situation that does not promote environmentally friendly behavior of farmers. Thus, communication and extension as an influencing variable needs to be supported by changes towards an improved vertical integrity in public administration.
The results of this study are relevant in the broader global context, where adopting an ecosystem approach to agro-ecological systems, ecosystem restoration, and more specifically planting trees is getting increasing attention and support from many sides. Besides providing new insights into the adoption of tree shelterbelts in Kyrgyzstan, this research highlights the need to study and take farmers' concerns seriously when developing strategies to promote environmentally friendly behavior. The promotion of sustainable land use systems requires the right institutional frameworks, proper communication, and extension work e.g., through demonstration sites, best practice examples, but also a serious engagement with farmer concerns. Understanding the manifold factors affecting adoption or non-adoption is the key to successful policy development.
